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EFFECTOFA FINITETRAILING-EDGETHICKNESSON THEDRAG
OFRECTANGULARNDDELTAWINGSAT SUPERSONICSPEEDS
ByE. B.KlunkerandConradRennemann,Jr.
SUMMARY
Theeffectofa finitetraillng-edgethiclmessonthepressure
dragofrectangularnddeltawingswithtruncateddianmnd-shapedair-
foilsectionswitha giventhicknessratiois studiedforsupersonic
Machnumbers,linearizedtheorybeingusedto evaluatethesurface
pressures.Inorderto facilitatecomparisonwithwingshavingshsrp
trailingedges,thepositionofmaximumthicknessndbaseh~ightare
determinedforleastpressuredragas functionsofa base-pressure
pardmeter.Comparisonisthenmadebetweenthedragofthesewingsand
similarwingswitha sharptrailtigedgeforvariousaspectratiosand
thichessratiosasa functionof streamMachnumber.Thecalculations
ofthedragcharacteristicsforthesewingsshowthatsi~ificantdrag
reductionsarepossibleundersomeconditionsathighsupersonicspeeds.
Thesedragreductionsarerelativelyindependentof aspectratiofor
therectangularwingsbutdependconsiderablyon aspectratioforthe
deltawings;thesmalleraspectratiosshowthelargerdragreductions.
Calculationsofthespanwisedistributionfdragareincludedto com-
parefurthertheeffectofa baseonthedragfordifferentaspect
ratios.
INTRODUCTION
A greatdealofattentionhasbeenfocusedontheproblemof deter-
miningsupersonicprofilesofminimumpressuredrag. Inreference1,
forexample,profilesofminimumdragsredeterminedby Unesrizedtheory
forseveralauxikkmyconditions,andinreference2 an analysisismade
fortwostructuralconditionsbyusinga nonHnearpressurerelation.
An interestingfeatureoftheseandsimilarinvestigationsisthatfor
certainconditionstheprofilesofmfntiumpressuredraghaveblunt
trailingedges.Theuseof a finitetrailing-edgethicknessresultsin
a reductioninthepressuredragoftheforwsrdsurfacesoftheairfoil
(thatis,thesurfacexcludingthebase) sincetheaverageabsolute
valueoftheslopeoftheairfoilsurfaceisdiminished.At highsuper-
sonicspeeds,thereductioninpressuredragoftheairfoilsurfacemy
exceedtheadditionalbasedragincurredforsomeconditions.
.
..— .,.— —— -— ..— ——.-..--—— .——— —..-
2Consequently,anairfoilwitha finitetrailing-edgethicknessmayhave
lessdragthana wingwitha sharptrailtigedgewhichsatisfiesthe
.
samestructuralconditions.
References1 snd2 are concernedonlywiththeeffectsofa finite
trsitig-edgethicknessontwo-dimensionalairfoiis.Ofmorepractical
interestistheeffectof a baseonwingsoffiniteaspectratio,par-
ticularlylow-aspect-ratiow ngs,sinceitappearsthatthesewingswill
beusedathighsupersonicflightspeeds.An investigationofthedrag
ofdeltaandrectangularwingsismadein thepresentpaperbyusing
linearizedtheoryto evaluatethesurfacepressuresinorderto deter-
minetheeffectofa finitetrsiling-edgethictiessonthedragof
supersonicwings.Inorderto simplifytheanalysis,a truncated
diamond-shapedairfoil- theshapeforminimumdragfora giventhick-
nessratiofortwo-dimensionalairfoils- isconsidered.Thelocation
ofmsximumthicknessandthetrailing-edgethiclmesssredeterminedfor
leastdraginordertoreducethenumberofparametersinvolvedandto
indicatethedragreductionspossible.Theseoptimmwings,however,
srenotwingsofminimumdragsincethewingplanformandtheformof
theprofilearespecifiedandonlyitsparametersaredeterminedto give
minimumChV3g.Thedragcoefficientsforthesewingsarecomparedwith
thosefors@ilsrwingswitha sharptrailingedgeforseveralaspect
ratiosandthicknessratiosfortheMachnumberrangefrom2 to8.
SYMBOLS
c chord
Cr rootchord
t thicknessratio
-b wingspan
h ratioofbase
wingsrea
B+
height o chordorratioofbaseareato
1 -r positionofmsximum
fractionofchord
thickness,measuredfromleadingedge,
.
A sweepangleof leadingedge
L wing-slopeh streamdirection
.—
—- —.— .— - ——
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Ll slopeof frontsurfaceinplane y = Constant
AZ slopeofrearsurfaceinplane’y = Constant
M streamMachnumber
P Machangle,~in-l4M
~ ‘c
tan A 4
n =— =—
ml
-—
t
streamvelocity
verticaldisturbance
disturbancev locity
v locitycomponent
potential
Cartesiancoordinates
wingsrea
.
basearea
aspectratio
pressurecoefficient
basepressurecoefficienta any’spanwisestation
averagebasepressurecoefficient
vacuumpressurecoefficient
base-pressureparameter
wingpressure-dragcoefficient.
pressure-dragcoefficientof a wing
edge
sectionpressure-dragcoefficient
witha sharptrailing
3
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Fd sectionpressure-dragcoefficientof a wingwitha shsrptrailingedge
Subscripts:
./
z wing of leastdrag
0.5 wingwithmsximumthicknesslocationatmidchord
ANALYSIS“
Thepressuredragof awing isthedragdueto thenormalforces
actingoveritssurfaces.Thepressuredragof a wingwitha finite
trailing-edgethicbessconsistsof a basedragsnda pressuredragof
thewingsurfacexcludingthebase. Forsupersonicflow,thesetwo ‘
contributionstothepressuredragmaybe consideredindependentlysince
disturbancesfromthetrailingedgearenotpropagatedupstreamexcept
to a smallextentintheboundarylayer.Thenormalpressuresoverthe
wingsurface(excludingthebaseortrailing-edgesurface)aredeter-
minedmainlyby theflowfieldoutsidetheboundsrylayerwherethe
effectsofviscosityarenegligible,whereasthebasepressuresare
relatedirectlytotheviscouswake. Ingeneral,thebasepressures
aredeterminedfromexperiment,whereasthesurfacepressuresmaybe
deterndnedfromintiscid-flowtheory.
Thesurfacepressuresdueto a thicbeqsdistributionmaybe calcu-
latedby linearizedtheorybyusingtheconceptof sourcedistributions.
Puckett(ref.3) hassho-wnthatfora thinsymmetricwingina super-
sonicflowtherequiredsourcestrengthatanypointonthewingispro-
portionaltotheverticalcomponentofthedisturbancev locity(slope
ofthewinginthestreamdirection)atthatpoint.Thusthedetermi-
nationofthedisturbancev locitycomponents,andconsequently,the
pressure,requiresonlyanintegrationftheso~cesoverthefo~ard
Machcone.
,
Thedragofa deltawingwitha double-wedgeairfoilsectionwas
calculatedinreference3. Thedragof a deltawingwitha truncated
diamond-shapedairfoilsectionmaybe calculatedby slightlymodifying
theequationsofreference3. Sincethecalculationfthedragof a
rectangularwingisthesameinprincipleasthatofthedeltawing,
manyofthedetailsoftheanalysisareomitted.Thesemaybe foundin
reference3 sndelsewhere.
Rectangularwing.-Forsupersonicflow,thebasedragmaybe con-
sideredseparatelyfromtheremainderof
pressure-dragcoefficientCD ofa thh
thepressuredrag.Hence,the
symmetricwingwhoseairfoil
.
*
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sectionsareallsimil-ar
CD =
where P isthesurface
l
canbewrittenas
~
1 PX.ds-~scJ 1 ~’ ds%
pressurecoefficient,.~t isthebasepressure
coefficienta anyspanwisestation,A isthewingslopeh thestream
direction,S isthewingarea, ~ isthebasearea,and ds isan
elementofarea. Iftheaveragespnwisev&lueofthebaseyressure
coefficientisdenotedby pb,thewingpressuredrag-maybewrittenas
.
where
‘b=J’pb’‘(a
(1)
andthequantityh isthe.=tioofthebaseheighttothechord,or,
sincealltheairfoilsectionsforthewingareGimilar,itistheratio
ofbaseareatowingarea. Thepressuredragof!thewingsurface
excludingthebaseisconsideredin severalpartsforconvenience.
Thesupersonicflowfieldpasta rectangularwingistwo-dimensional
exceptintheregionboundedby thewingtipandthetipMachcone:
.
/
/ 113/
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.
Thesurfacepressurecoefficientforthetwo-dimensionalp rtofthe
flowfield
sketch)is
where p =
ficientof
(regionI, composed’ofthesubregions11 and 12 ofthe
P=2;
-1 ad M isthestream~chnumber.~edra;coef-
thistwo-dimensional-flowregionthenis
andfora double-wedgeairfoilsectionwitha
thickness
finitetrailing-edge‘
where 1 - r isthelocationofmaximumthicknessmeasuredfromthe
leadingedgeand A istheaspectratio.
Thewingplanformsandairfoilsectionsforboththerectangular
anddeltawingsareshowninfigure1. Fromthisfiguretheslopesof
theforwardandrearsurfacesarefoundas
M = 2(lt-r)
where t isthethicknessratioand B = & Thedragcoefficient
thetwo-dimensionalregionthenbecomes
#
{
t2 1 -B(1 -r)(2-B)
%~’~
[
-~1+(1-B)2(2 -r)
r(l-“r) w r
, ]
for
(2)
for ~ > 2. Thecondition13A> 2 requiresthatthetipMachconesdo
notintersectonthewingsurface.
— — ——
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Thepressurecoefficienta a point(x,y) inthetipregion(com-
posedofthesubregions111, 112,and 113 oftiesket~),~i& i8
boundedby thewingtipandthetipMachcone,is foundfromthepoten-
tialofthesourcedistributioni theforwardMachcone.Inrefer-
ence3 therequiredsourcestrengthatanypointisshownto equalthe
verticalcomponentofvelocityw atthatpint. Thevelocitypoten-
tial @ at (x,y,O)inthetipMachconefora constantsourcestrength
is
*
andtite~attigwithrespecto E gives
JX+pyd(x,Y,o)=-x ‘COS@ x d~*o tqY-71
.:
Thecomponentofthedisturbancev locityinthex-directionisfound
aftersomereductionas
“ @.Jx,Y,o) =-* (Lcos-lq
andfromthelinearizedformof
coefficientis
.
,=.3!2=
u
theI?ernoufiiequationthepressure
where U isthestreamvelocityandtheairfoilslopeis ~.
Thepressure
. coefficientgiven
thetipregions.
(3)
coefficientfor
byequation(3)
Thetipdragis
two-dimensionalflowandthepressure
canbe usedto calculatethedragof
determinedby consideringsourcesof
_—-.— .— —--
..—
———
— —
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strengthklU distributedoverthewholetipareaandsourcesof
strength(~ - l.l)Udistributed
thesourcesof stren@h LIU the
equation(3) andthecontribution
overtheregions112 and 113. For
pressurecoefficientisgivenby
tothedragforbothwingtipsis
(4)
Forsourcesof strength(XJ2- Xl)U,thepressurecoefficientisthe
two-dimensionalv ueintheregion112 (sincethisregionisoutside
theMachconeemanatingfromthemaximum-thicknessline)andthepressure
coefficientisgivenby equation(3), with x replacedby x - c(1- r),
fortheregion113. Thiscontributiontothedragofbothtipsis
CD2=
=
2t2(l -B) ~ - B(I - r)] t2(l- B)[l- B(I- r)]fi-1 ~5)
+$% P2A(1- r) II .-.
Thetotalpressuredragoftherectangularwingthenis
CD= % + Cl)l+ CD - pbh2
or,with h = Bt, ‘
[
t2 B(B- 2)CD=~+~ 1-&~B(M>2)(6)r @A
.
,,
.
..—
—
K.
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where
9
.
~2 ~
q=—
P r(l- r)
\
isthedzagofa rectangularwingwitha sharptrailingedge. It isof
interestonotethatthedragofa rectangularwingwitha finite
trailing-edgethicknessdependsupontheaspectratio;whereasthedrag
ofa wingwitha sharptrailingedgeisindependentoftheaspectratio.
DsltawinR.-Thepressuredragofa deltawtigwitha double-wedge
airfoilsectionhasbeencalculatedinreference3. Thedragofa sim-
ilarwingwitha fihitetrailing-edgethicknesscanbe foundfromthe
samerelationsprovidedtheexpressionfortheairfoilslopeontherear
surfaceis suitablymodifiedandthebasedragisadded.Sincethe
effectofa finitetrailing-edgethicknessonthedrag reductionis
significantonlyatrelativelyhighsupersonicMachnumbers,onlythe
conditionof supersonicleadingedgesispresented.Thiscorrespmds
to case1 ofreference3.
Thepressuredragofthedeltawing ~1, excludingthebasedrag,
is,fromequations(41),(42), and [43) ofreference3,
where
1
[
Gl(n,r)=S~ cos n +
(]F “ l--~+ sti-’”l+rl
and n istheratioofthetangentoftheleadingedgesweepangle A
tothecotangent
suredragmaybe
equation(7) and
.
tan A
.~. Thepres-oftheMachangle,thatis, n . —
Pm
expressedasthesumofthedragcontributionfrom
thebasedrag.Hence
CD = CD1- ~h
—— -...— ———-
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wheretheaverageSp~WiSevalueofthebasepressurecoefficientph
forthedeltawingis
where c isthelocalchordand Cr istherootchord.
tutingfromequation(7) the dragcoefficientbecomes
r 1
where
L
By substi-
(8)
1
— t2 2
[
co~-ln 1
-1nr
cD’— + ~+sin
F(‘7c(l-r2)~~- rl-n22 )]
isthedragofa deltawingwitha sharp trailingedgeahd n < 1.
Least-dragwings.- TheequationsforthedragofboththeQ~eotan-
gularanddeltawingseachcontainfour~~eters: r, B, -—pL~)
and f3A(or n). Theeffectofa finitetrailing-edgethicknes~onthe
dragcanbemoreclearlydemonstratedby reducingthenumberofparam-
eters.Ifthepositionofmaximumthicknessandthebaseheightare
determbedto givetheleastdragfora giventhicknessratio,tk@nthe
pPb
quantitiesr and B maybe expressedintermsoftheparameters-—
t
and pA (or n). Thewingssodetermined,however,arenotwingsof
minimumdragfora giventhicknessratioinanexactsensesincethe
wing@an formandtheformoftheprofilearespecifiedandonlyits
parametersaredeterminedto giveminimumdrag.Thewingssodetermined
arehereindenotedas least-dragwings.
Thevaluesof r and B requiredtominimizethedragarefound
fromthesimultaneoussolutionoftheequations
\ ah ,0 acD o—= —=ar ~B (9)
—— ——p—— – ----- — –- — -———
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.
pPh
intermsofthequantities-y and PA (or ri)”.Thesevaluesmay
thenbe substitutedintoequation(6) or
coefficientfortheparticularwing-plan
and j3A(or n).
DISCUSSION
(8) to yieldtheleastdra$
formasa functionof -—t
Thewingprofilegeometrywhichminimizesthedragofa givenwing
planformwithplanesurfacesisfoundasthesimultaneoussolutionof
equations(9). Itissignificantthattheleast~ragconditionsforthe
rectangularwingaresimilartothosefora two~imensionalirfoil.
Thetwo-dtiensionalminimum-dragirfoilfora giventhicknessratio,
as determinedby linearizedtheory,satisfiestheconditionAl= -%;
further,thepositionofmaximumthicknessandthetrailing-edgethick-
nessdependonlyonthebase-pressureWrameter-~ (Seeref.2,for
example). Fortherectangularwingtheconditionxl= -~ stillholds
fortheleast-dragcondition(seeappendix)however,thepositionof
maximumthicknessandthetrailing-edgethicknessdependbothuponthe
base-pressureparameterandtheaspect-ratiopsrameter13A.Forthe
deltawingthetwoslopesarenotequalandthegeometricparameters
Pp~forleastdragarefunctionsof -~ and n.
Theresultsofthesolutionof equations(9)arepresentedin
figures2(a)and2(b)fortherectangularwingandthedeltawingwith
supersonicleadingedges.Inthesefiguresthepositionofmaximum
thickness1 - r andtheratiooftrailing-edgethicknesstowing
P%thicknessB aregivenas functionsofthe~rameters-— and M
(or n). Thesevaluesmaybe substitutedintoequations(~)and(8) to
determinetheleastdragcoefficients.h figures3(a)and3(b)the
ratiooftheleastdragcoefficients~ tothedmg coefficient~
z DO.5(where Go s isthedragcoefficientofa similarwingwitha double-
.
wedgeairfoilsectionandmaximum-thicknesslocationatmidchord)ispre-
sentedasa functionof PPb-— fortherectangularnddeltawings,t
respectively.Figures2(a)and3(a)showthatfortherectangularwing
boththegeometricparametersandthedragcoefficientsdifferbut‘littlel
(formoderatevaluesof PA)fromthevaluesforthetwo-dimensional
flow. Further,largepressure~ragreductionsappearpossiblewiththe
useofa,finitetrailing+dgethiclmess.Whethertheselargedragreduc-
tionscanactuallyberealized,however,dependsumn thebasepressures
experienced.
.
_. _______ .
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Inorderto assessthevalueofwingswitha finitetrailing~dge
thickness,theeliminationfthebasepressureas a parameterisneces-
sary.Forthispurpose,thebasepressurecoefficientspresented-in
reference2 havebeenutilizedandarepresentedinfigure4 as a func-
tionoflkchnumber.Vacuumpressurecoefficientsarealsopresented
forcomparison.Thesevaluesofthebasepressurearerepresentative
forturbulentboundarylayers.
Theratioofthedragcoefficients%2— forthebasepressures
GO 5
.
offigure4 arepresentedinfigures5(a)and5(b)fortherectangular
anddeltawings,respectively,as a functionofthestreamMachnumber.
As inthecaseofthetwo-dimensionalairfoil,thepercentagedragreduc-
tionpossiblewiththeuseofa finitetrailing-edgethictiessisdepend-
enttoa largeextentonthewingthicknessratio;thethickerwingsshow
a substantiallylargerdragreductionat a givenstreamMachnumber.l
Forexample,thedragratiosfortherectangularwingata Machnumber
of 6,areapproxhately0.76and0.98 forthicknessratiosof0.10
and0.06,respectively.Fortherectangularwing,theeffectofaspect
ratioonthedragreductionis smallcomparedwiththeeffectofthick-
nessratio;fora givenl.bchnumberandthicknessratiothedifference
CDZ
— foraspectratiosof 1 and W
? 50.5
isgenerallylessthan3 per-
cent. Incontrast,theeffectof changesinthicknessmtio andaspect
ratioareofthesameorderofmagnitudeforthedeltawingandthe
%2differenceb tween—
CjOs foraspectratiosof 1 and4 maybemore
.
CD~
than10percent.Themtio — decreaseswithdecreasingaspect
~o.g
ratioforboththerectangularn deltawings.
A clearerunderstandingoftheeffectofaspectratioonthedrag
oftherectangularnddeltawingsisobtainedby consideringthespan-
wisedistributionf sectiondrag.Thespanwisedistributionfthe
quantityccdjwhere c isthesectionchordand cd isthesection
dragcoefficient,forthesewingsispresentedinfigure6 fora stream
Machnumberof5 anda thiclmessratioof 0.10.Forsimplicity,the
basepressurecoefficientistakenas constantoverthespan.
.
%he dragcoefficientofthetwo-dimensionalairfoilofminimum
drag cdti isa linearfunctionof t,whereasthedragcoefficientof
theairfoilof fixedgeometry~d increasesas c% “t2 andtheratio4
decreaseswithincreastigvaluesofthethicknessratio. cd
.
——
—
——
..
.-.
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Thepressuresbothinsideandoutside”theMachconeareunaffected
bya changeinaspectratiofortherectangularwingwitha specified
airfoilsection.Thus,changingtheaspectratioonlychangesthepro-
portionofthetwo-dimensionalregiontothetipregionandthespanwise
distributionf dragchangesimilarly.Siricetheairfoilgeometryfor
leastdragdependslightlyupontheaspedtratio,thepressures,and,
consequently,thedistributionfdragforthewingof leastdragvary
somewhatwithaspectratio.Figure6 showsthatthedragdistributions
inthetipregionsaresimilar,fordifferentaspectratios.Thatis,
thebasicdistributionf dragwithinthetipdoesnotchangeasthe
aspectratioischangedalthoughtheproportionoftipareatowingarea
c~ges with,achangeinaspectratio.Moreover,ina largepartofthe
tipregion,thedifferenceb tween7dOo5and cd isgreaterthanin
CDzthetwo-dimensionalregion.Consequently,theratioof — decreases
C;O*5
withdecreasingaspectratiosincethetipregionisa largerpercentage
ofthetotalwingareafortheloweraspectratios.
A changeinaspectratioforthedeltawingnecessarilyaltersthe
leading-edgesweepangle,andthepressuresbothinsideandoutsidethe
Machconefromtheapexarechanged.As showninfigure6,a changein
aspectratioalsoalterstheformofthespanwisedistributionfdrag
fortheairfoilof fixedgeometry.Forthedeltawingofleastdrag,
however,thedistributionsforthedifferentaspectratios.tendtobe
similar;thesectiondragapproachesa linearvariationacrossthespan.
CONCLUDINGRIMARKS
Thecalculationsofthedragcharacteristics
deltawingsfora giventhicknessratioshowthat
forrectangularnd
significantdrag
reductionsarepossibleundercertainconditionsat highsupersonic
speedswiththeuseofa finitetrailing-edgethickuess.TheMachnum-
beratwhicha blunt-trailing-edgewinghaslessdragthana similar
,wingwitha sharptrailingedgeisdependentuponthewingplanform,
aspectratio,andthicknessratio.For.agivenMachnumberandaspect
ratio,thethickerwing8showa substantiallylargerdragreduction
,throughtheuseofa finitetrailing-edgethickness.Theeffectof
aspectratioonthedragreductionfortherectangularwingsis small,
whereasitisofthesameorderofmagnitudeastheeffectofthickness
forthedeltawing. Theratiooftheleastdragcoefficientofa wing
witha bluntbasetothedragcoefficientofa simiw wingwitha sharp
trailingedgedecreaseswithdecreasingaspectratio.Fortherectan-
gularwingthespanwisedistrihtionsofdragin’thetipregionare
.
similarforallasp6ctratios,.althoughtheproportionoftipareato
wingareachaugeswithchangingaspectratio.Forthedeltawingwith
.
. . —.. —. ..——— --— — —
..— —
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a ftiedairfoilsection,
isalteredastheaspect
.- NACAm 2828
theformofthespanwisedragdistribution
ratioischanged,whereasfortheleast-drag
deltawingsthedistributionsfordiffere&asyectratiostendtobe
similar.Althoughtheanalysisofthis~per isconfinedto rectangu-
laranddeltawingswitha giventhicknessratio,theresultsuggest
thatsignificantdragreductionsmaybe possibleby theuseofa finite
trailing-edgethicknesswithotherplanforms.Itmaybe expectedthat,
similartotheresultforthetwo~imensionalirfoil(NACATN 2264),
therelativedragreductionpssiblebytheuseofa ftiitetrailing-
edgethiclmesswithotherstructuralconditions(givenarea,torsional
stiffness,andsoforth)isgreaterthanfora giventhicknessratio.
IzmgleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Vs.,September15,19S2.
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APPENDIX
.
.,
LE4ST-DRAGCONDITIONSFORRECTANGULARWING
Theairfoilofminimum‘dragfora giventhiclmessratioina two-
dimensionalsupersonicflowisa truncateddoublewedge.Withinthe
scopeoflinearizedtheory,Al isthenequalto -~; thatis,the
slopesoverthefrontandrearsurfacesareequal(seeref.2,for
example). Itisinterestingtonotethatthissameconditionalso
appliestotherectangularwingof leastdragwithtruncateddiamond-
shapedairfoilsections.
Thedragofa rectangularwingwitha truncateddiamond-shaped
airfoilsectionis (eq.(6))
[
t2B(B - 2) B2 1$PbBCD .q+F r -—-—@A t
where
t2 1c;=—
P r(l-r)
Thevaluesof’.rhnd B requiredto giveleastdragarefound
fromthesimniltanecms.solutionoftheequations
Fromthefirstof equations(Al) ‘ ‘
. 2
()
~pb . ‘ .
--- —
t
B=r
22
--—
r lT~
.
.
,
(Al)
(A2)
_—
.—
—-——.
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andfromthesecondofequations(Al)
. B= l-&
1
-r
AftereliminatingB fromequations(A2)
(2+&- -
(A3)
~d (A3) r isfoundas o
P%
)T.r=
4
()
“pP~
—-. —
@A t
(A4)
.
Theslopesofthefrontandrearsurfacesare Al= t and
2(1- r)
&.&(l - B),respectively.Substitutingequation(A3)for B in
theequationfor ~ resultsintherelation
Consequently,theconditionforleastdragoftherectangularwingwith
a truncateddiamond-shapedairfoilsectionis Al= -+.
both
eter
and
Fromequations(A2)and(A4)itis seenthat r and B dependon
~pb
thebasepressureparameter-— andtheaspsctratioparam-
t
f3A.Thisisincontrastwiththetwo-dimensionalc sewhere r
B dependonlyon -~.
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Figure 1.- Winggeomstgfor rectangular and delta Wngs.
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Ease-pressureparameter,H = ‘~
(a)Rectangularwing.
Figure2.-Positionofmaximumthicknessandtra;l;ng-e~ethicknessfor
minimumdragas a functionofthebase-pressweparameter.
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(b)Deltawing.
Fi~e 2.-Concluded.
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(a)Rectangularwing.
Figure 3.- Ratio of minAmm drag coefficientofa wingwitha blunt
trailing edge to drag coefficient of a wing with a double+wdge
section as a funotion of the base-pressure parameter.
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(b)Deltawing.
Figure3.-Concluded.
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Figure4.- Vaouum pressure coefficient and baae pressure coefficient as
funotions of stream Mach number.
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(a)Rectangular wing.
Figure ~.- Ratio of minimum drag coefficient of a wing with a blunt
trailing edge to drag coefficient of a wing with a double-wedge
section as a function of the stream Mach number for base pressures
presented in figure 4.
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,(b) Delta wing. .
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(a)Rectangularwing.
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(b) Delta wing.
Hgure 6.-Comperlson of spanwlse distribution of drag for rectangular and
delta vdnga of least drag with rectangular and delta wings having sharp
tmiUng edge and position of mcdmom thickness at midchord. M=S;
t - 0.10.
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